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deeper tissue layers. The electrode has a carrier base member from 
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face of the base member. The spikes are sufficiently long to pene- 
trate through the stratum comeum into the stratum germinativum of 
the subject's skin. The spikes may be formed by a deep reactive ion 
etching process on a sib'con wafer forming the base member. A fluid 
container may be formed on another surface of the skin for providing 
a drug to the surface of the skin through holes in the base member. 
The action of the spikes on the skin enhances administration of the 
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CROSS-REFERENCE TO RELATED APPLICATIONS 
The present application claims the priority of U.S. provisional patent 
5 application 60/177,423, filed January 21, 2000 by the inventors named in this application. 
The present application is also a continuation-in-part application of U.S. patent application 
09/489,556 filed January 21, 2000 by Pekka Merlainen and Heli Tolvanen-Laakso. 

BACKGROUND OF THE INVENTION 
The present invention relates to an electrode suitable for application to the 
1 0 skin of a living subject to obtain biopotentials and/or provide electrostimulation. 

Skin applied electrodes measuring biopotentials (i.e. biopotential electrodes) 
are extensively used in modem clinical and biomedical applications (e.g. 
electrocardiography, electromyography, electroencephalography (EEG), peripheral nerve 
compound action potentials, and evoked potentials). The characteristics of the electrodes 
15 are very important since measurement electronics equipment coupled to the electrodes is 
likely to display artifacts or misleading data if an inappropriate electrode is used. 

Important drawbacks of electrodes currently in use relate to skin preparation 
and the use of electrolytic gel (i.e. wet use). Long application times, long stabilization 
times required for the diffusion of the electrolytic gel into the skin, long cleansing times to 
20 remove the gel after use, low comfort, and large electrode size complicate the use of 
standard electrodes. Research into eliminating or reducing the inconveniences of standard 
electrodes has lead to several new approaches to measuring biopotentials including 
Nasicon ceramic electrodes, on chip amplified dry electrodes, and the electrode sold under 
the trademark Zipprep. See Non-Polarisable Dry Electrode Based on NASICON Ceramic, 
25 Ch. Gondran et al., Medical & Biological Engineering & Computing, May 1995; An 
Active, Microfabricated, Scalp Electrode-Array for EEG Recording, Babak Alizadeh- 
Taheri, Rosemary L. Smith, and Robert T. Knight, Sensors and Actuators A54, Elsevier 
Science S.A., 1996; and Low-cost Active Electrode Improves the Resolution in 
Biopotential Recordings, Alexander C. Metting VanRijn, Anthony P. Kuiper, Taco E. 
30 Dankers and Cees A. Grimpergen, 18th Int. Conf. of the IEEE Engineering in Medicine 
and Biology Society, Amsterdam, 1996. 

Biopotentials result from the electrochemical activity of a certain ciass of 
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cells, known as excitable or active cells, which are part of nervous, muscular or glandular 
tissue. Within a human body, active cells are surrounding by body fluids having a high 
CT concentration. An active cell acts as a constant current source when stimulated and 
creates an ionic current within the body fluid. This current induces electrical biopotentials 
within the human body. These biopotentials decrease in amplitude with increasing 
distance from the active cell. The detection of biopotentials is therefore closely related to 
the detection of the ionic current created by the active cells. As modem electronics (i.e. 
EEG-amplifier) require electronic current, a biopotential electrode is a transducer 
transforming ionic current into electronic current. This current transformation is possible 
when an electrochemical electrode-electrolyte interface can be established (i.e. the human 
body fluids act as the electrolyte and a metallic biopotential electrode as the chemical 

electrode). 

Skin anatomy is another important consideration in biopotential 
measurements. The skin presents a layered architecture. The outer skin layer, stratum 
corneum (SC), acts as a fluid barrier and therefore has electrical isolation characteristics. 
It also renders the administration of drugs on the skin less effective. This layer is 
constantly renewing itself and consists of dead cells. The stratum genninativum (SG), is 
the area where the cells divide, grow, and are displaced outward to the stratum corneum. 
Since the stratum germinativum is composed of living cells that predominately consist of 
liquid, this layer of the skin is an electrically conducting tissue comparable to an 
electrolyte. The dermis, which is below the stratum genninativum, contains vascular and 
nervous components as well as sweat glands and hair follicles and is also electrically 
conducting. It is in the dermis that pain has its origins. 

When a metal electrode is applied on an unprepared surface of the skin, very 
high electrode-skin-electrode impedances (ESEI) result since no direct electrochemical 
electrode-electrolyte interface with the body fluids can be established. Therefore, 
conventional biopotential electrodes, require special skin preparation prior to application 
of the electrode. The two most common preparation methods are abrasion of the stratum 
comeum and the use of an electrolytic gel. The goal of abrasion is to reduce the thickness 
of the stratum comeum. However, complete removal of the stratum comeum is painful 
and not recommended. Alternatively, an electrolytic gel having a high concentration of 
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conductive ions can be applied to the stratum comeum. The gel diffuses into the stratum 
comeum and improves its conductivity. 

The combination of the above stated preparation methods present the 
possibility of reducing the ESEI by creating an electrode-electrolyte interfile. However, 
important drawbacks of these methods are obvious: long application times, long 
stabilization times (diffusion of the electrolytic gel into the skin), long cleansing times 
(removal of the gel after use), and discomfort 

Biopotential electrodes that are not based on an electrochemical electrode- 
electrolyte interface have been described, for example, by Babak Alizadeh-Taheri et al, 
supra. These biopotential electrodes are active (i.e. signal amplification on the electrode) 
and use capacitive detecting principles. The main drawbacks of active electrodes are their 

high cost and complexity. 

BRIEF SUMMARY OF THE INVENTION 
The present invention presents a new approach for a medical electrode to be 
applied on the skin of a living subject. The electrode can sense electric biopotentials, that 
is, the biopotentials being created within the body of the living subject and developed on 
the skin of the living subject, or can electrostimulate the skin and deeper lying tissue layers 

with electrical impulses. 

The electrode of the present invention comprises a plurality of means, 
termed herein "spikes" to penetrate the skin. The spikes are long enough to reach the 
stratum germinativum and are able to carry an electrical signal. The spikes are electrically 
conductive on their surface and are connected to each other to form an array. Preferably, 
the spikes are formed at the same time and from the same material as a plane carrier base 
member from which the spikes extend and, if the spikes are formed by etching a wafer of 
silicon or other material, the electrode may comprise a chip-like element. 

Since the spike array of the biopotential electrode provides a means for 
penetrating the stratum comeum of a living subject, the electrode can serve as a means for 
making skin applied drug delivery more effective. For this purpose, a liquid retainer is 
provided on the carrier base member opposite to the surface on which the spikes are 
formed and supplied to the skin through a hole or holes in the base member. 

Various other features, objects, and advantages of the invention will be 
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made apparent from the following detailed description and the drawings. 



BRIEF DESCRIPTION OF THE DRAWING 
In the drawing: 

Fig. la is a cross-sectional view of a medical electrode with spikes 

according to the present invention; 

Fig. lb shows an alternative technique for fastening a lead wire to the 

electrode of the present invention; 

Fig. 2 is a detailed view of a spike containing a barb to enhance retention of 

the electrode on the skin of the subject; 

Fig. 3 is a detailed view of an array of spikes provided in the medical 

electrode of the present invention; 

Figs. 4a-f show certain steps of a process for forming the medical electrode 

of the present invention; 

Fig. 5 shows the deposition of a conductive layer by a process using a tilting 

and rotating mechanism; 

Fig. 6a shows an embodiment of the medical electrode with a container for a ^ 

drug to be delivered through the skin; 

Fig. 6b shows, on an enlarged scale, a modified embodiment of the spikes 
suitable for use in the medical electrode shown in Fig. 6a. 

Fig. 7 shows a measurement circuitry for measuring the ESEI of biopotential 

electrodes; 

Fig. 8 is a Nyquist plot showing the reduction in ESEI with the electrode of 

the present invention; 

Fig. 9 is a farther Nyquist plot showing the reduction in ESEI with the 

electrode of the present invention; and 

Fig. 10 shows EEG output signals obtained with the electrode of the present 

invention and with a conventional electrode. 



DETAILED DESCRIPTION OF THE INVENTION 
The medical electrode of the present invention comprises a base that 
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includes an array of micro-dimensioned spikes designed to pierce the outer skin layer, i.e. 
the stratum comeum and penetrate into the electrically conductive stratum germinativum, 
thereby to circumvent the high impedance characteristics of the stratum comeum SC. 
However, the spikes must not reach the tissue layer below the stratum germinativum 
containing nerves and blood vessels so as to avoid pain or bleeding of the subject. The 
thickness of the stratum comeum is approximately 10 to 15 urn. The thickness of the 
stratum germinativum is about 50 to 100 urn. Thus, spikes that penetrate the skin more 
than 10-15 um, but less than about 50-100 urn, produce a pain-free electrode-electrolyte 
interface at the stratum germinativum and transform the ionic current induced by active 
cells into an electronic current. To achieve this, experiments have shown that the spike 
length of a majority of the spikes in the array should be in the range of 150 to 350 um, 

possibly as long as 500 um. 

In medical electrode 10 of the present invention shown in Fig. 1, the bases of 
spikes 12 are joined to carrier base member 14 in a spaced array on the front side of the 
base member. Such an array is shown in Fig. 3. Fig. 3 shows an example in which spikes 
12 are approximately 160 um long and 40 um wide. The spikes and the base member are, 
preferably, both made of the same material, for example as a micromachined silicon chip. 
All spikes 12 are interconnected and they are thus all at the same potential. In the 
alternative, a polymer base material may be used to reduce the cost of the electrode. 

To reduce the most important noise source in an electrode-electrolyte 
interface, i.e. polarizability, the spikes should, preferably, be coated with a silver- 
silverchloride (Ag-AgCl) double layer in which only the AgCl is in contact with the 
electrolyte. See Optimum Electrolytic Chloriding of Silver Electrodes, L.A. Geddes, L.E. 
Baker and A. G. Moore, Med. & Biol. Engineering, Vol. 7, Pergamon Press, 1969. The 
25 advantages of silver and its compounds are low electrical resistivity and biomedical 
compatibility. Other conductive layers can also be used or if the spikes are made of a 
conducting material, they can be used without deposition of a conducting layer. 

Medical electrode 10 is connected to analyzing electronic apparatus (not 
shown) by lead wire 16. As the wire diameter for lead wire 16 will be larger than the 
30 length of the spikes, it is preferably attached to the backside of electrode 10 to avoid any 
influence on the proper penetration of the spikes 12 into the skin. An electrical 
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interconnection of the front side and backside of the electrode must be established. 
Therefore, a through-hole or holes 18, as shown in Fig. 3, can be fabricated and both sides 
of carrier base member 12 coated with silver. By paying special attention that the front 
side and backside conductive layer coating overlap, as shown in Fig. 4(f), the necessary 
connection may be made between spikes 12 and lead wire 16. Or, the connection may be 
obtained by overlapping conductive coatings along the edges of the base member. 

In the dry use of the spiked medical electrode 10 of the present invention 
without an electrolyte gel or other skin preparation, the electrode should be securely 
attached to the skin of the subject to allow the spikes to pierce the stratum comeum and 
penetrate into the stratum germinativum. A simple structure for achieving this 
requirement comprises a thin, annular disk 20 fastened to the backside of carrier base 
member 14. The diameter of the disk 20 exceeds the dimension of base member 14. 
Ring-shaped adhesive tape 22 is fitted onto the disk and firmly fixes the disk and electrode 
10 to the skin when applied to the skin. Lead wire 16 is connected to the backside of the 
15 electrode chip through a hole in the center of the disk as shown in Fig. la by conductive 
epoxy 23 and sealed with epoxy 25. Or, the lead wire can be glued by conductive glue or 
fixed by an appropriate clip fastener, as e.g. shown in Fig. lb. 

Attachment of medical electrode 10 to the skin of the subject can also be 
achieved by adding barbs 24 to the spikes as shown in Fig. 2, to directly attach the 
electrode to the skin. The use of barbed spikes can be combined with the adhesive tape 

attachment of Fig. la, if desired. 

When attached to the skin of the subject, electrode 10 obtains biopotential 
signals or provides electrostimulation of body tissue. The electrode of the present 
invention may also be used to enhance the administration of skin applied drugs. To this 
end, a drug container, such as a flexible capsule 26, may be provided on the backside of 
the electrode, as shown in Fig. 6a. A plurality of through-holes 18 may be provided in 
base member 14 to discharge the drug to the skin of the subject when the flexible capsule 
is pressed. The penetration of the skin by the spikes facilitates passage of the drug through 
the stratum comeum. The length of the spikes in such an application also should be the 
same as for electrodes without such feature thus inflicting no pain to the patient. The drug 
delivery can be combined with electrical stimulation. 
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While the fabrication of these spikes for drug delivery can be realized with 
the round spikes shown in Fig. 3, they can also be realized by using channeled spikes, as 
shown in Fig. 6a. The enhanced delivery of the drug provided by the grooves is carried 
out by external pressure and/or capillary forces acting on the drug in the grooves. The 
external pressure may be created by pressing on flexible capsule 26. 

Or, the spikes can be made hollow with the drug will be passed through 
through-holes in base member 14 into the spikes responsive to pressure on the capsule, 
similar to many small injection needles. 

The fabrication of spikes extending from the plane of a silicon wafer has 
been reported in the technical literature. See for example Micromachined Needles for the 
Transdermal Delivery of Drugs, S. Henry, D.V. McAllister, M.G. Allen, and MR. 
Prausnitz, Proceedings IEEE Micro Electro Mechanical Systems, 1998; Novel AFM 
Probes-Fabrication and Characterization, Anja Boisen, Ole Hansen and Siebe Bowastra, 
Micro Structure Workshop, 1 998; and Micromachined, Silicon Based Electrode Arrays for 
Electrical Stimulation of or Recording from Cerebral Cortex, Richard A. Norman, Patrick 
K. Campbell and Kelly E. Jones, Proceedings IEEE Micro Electro Mechanical Systems, 
1991. 

A feature of the present invention is that the spikes are formed from a wafer 
using a new three step deep reactive ion etching (DRIE) process. The steps of the process 
are shown in Figs. 4a-f. First, a circular oxide mask 50, the pattern of which is obtained 
using standard photolithography, is applied to a silicon wafer 52 and isotropically 
underetched (Fig. 4a). Second, an anisotropic process is carried out to define the length of 
spikes 12 and to form base member 14, as shown in Fig. 4b. Third, a second isotropic 
etch, which is stopped before the mask is completely underetched, smoothes the spikes and 
gives them a shape allowing easy penetration of the stratum corneum (Fig. 4c). As the 
underetching is not perfectly uniform, this step is stopped before the oxide masks of early 
finished spikes are completely underetched since if the oxide masks were to fall down and 
stick to the sidewalls of the spikes, the sharp tips of the spikes would be severely damaged. 
As shown in Fig. 4, this allows good individual control of the spike shape, length, and 
diameter. 

For a given wafer, dimensions vary less than +1-2%. The length and 
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diameter of the fabricated spikes typically range from 100 to 210 micrometers and 30 to 50 
micrometers, respectively. Previously reported fabrication processes of spikes have not 
shown this individual control of making long tips (>150 micrometers) with high 
mechanical strength and tip sharpness. 

To achieve barbed spikes, shown in Fig. 2, a combination of processes in a 
consecutive sequence of an isotopic and an anisotropic DRIE process, followed by an 
oxidation process, followed by an anisotropic and an isotropic DRIE process, followed by 
an oxide removal and a last isotropic DRIE process may be employed. 

Through-holes 18 are KOH-etched in wafer 52 using a thermally grown 
oxide as a stop layer (Fig. 4d) and a (1 1 1) oriented wafer 54 glued with black wax as a 
front side protection. In addition to acting as a stop layer, the oxide can be used for a 
controlled removal of the circular oxide masks and for sharpening the spikes. By etching 
the oxide with HF; extremely sharp tip radii of less than 0.5 urn can be obtained (Fig. 4e). 

A double-sided conductive layer deposition process employing a mechanical 
system that tilts and rotates the wafer (Fig. 5) may be used to coat the front- and backside 
of the wafer containing electrode 10 including spikes 12. This process allows overlapping 
of front- and backside coating at the through-hole while maintaining a uniform coating of 
the spike sidewalls. Hence, electrical interconnection of front side and backside as well as 
complete homogenous spike coating is obtained. The detailed showing of Fig. 4f 
demonstrates the overlapping of the two silver layers at a through-hole 18 and Fig. 3 
shows the front side of a silver coated, spiked electrode. 

Subsequently, AgCl is grown on the Ag via an uncomplicated 
electrochemical cell process, as described in Geddes, et al., supra. A 0.9 molar Cl" 
solution in which a pure Ag reference electrode and the spiked electrode chip to be 
chlorided is dipped may be used for this purpose. By applying a constant current, the 
spiked electrode chip is chlorided. The control of current-density and process time 
controls the thickness and quality of the AgCl layer. 

After dice sawing the wafer 52, the electrode chips are fastened onto e.g. 
plastic rings 20 with standard epoxy glue 23. Lead wire 16 is attached with conducting 
epoxy 25 and secured in electrode 10 with standard epoxy 23. The spiked electrode chips 
produced from wafer 52 can have a sizes of lxlmm2 10 5x5xmm2. 
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The medical electrode and the spikes can also fabricated using a replication 
technique in this case the DRIE-etched spikes would be used for fabrication of the master 
for molding. The spikes are fabricated into a plastic material by an injection molding or 
hot embossing process. 

5 A significant characteristic in achieving high performance from biopotential 

electrodes is low electrode-skin-electrode impedance (ESEI). Measurements were 
conducted to show that dry spiked electrodes, such as electrode 10 of the present 
invention, show ESEI as low as actually considerably lower than wet conventional 
electrodes. They were also found to be less complicated to use, faster to apply, and more 

1 0 comfortable for the subject. 

The measurement circuitry for evaluating the ESEI of biopotential 
electrodes is shown in Fig. 7. Signal v is a sinusoidal alternating voltage. R re f is 
manually adjusted so the peak to peak value of the output voltage of Ampl and Amp2 are 
equal. Knowing the temporal phase-shift of Ampl and Amp2 and the value of R re f, the 
1 5 ESEI (real and imaginary part) can be determined. 

The ESEI is dependent on the measurement frequency. In the measurements 
discussed below and shown in Figs. 8 and 9, the frequency of v was chosen to range from 
0.5 to 500 Hz which includes the interval of interest for biomedical applications. The 
RMS value of v is below 60mV so that it does not interfere with the membrane potential of 
20 active cells, so that there is no risk of harm for a test person, and so that current densities 
can be kept on a level as low as is comparable to currents during biopotential recordings. 
This is important since the electrical conductivity of the skin is dependent on the current 
density. Such low voltage levels imply that the measurements must be conducted in an 
environment devoid of extrinsic noise (e.g. in a Faraday Cage). 
25 Standard EEG measurement recordings were conducted with spiked 

electrode of the present invention in sizes of 4x4mm2 and 2x2mm2. 
Electroencephalograph* measurements exhibit the lowest biopotential levels and therefore 
need low ESEI to obtain reliable recordings of the brain activity. 

Fig. 8 is Nyquist plot showing the influence of the spikes on the measured 
30 ESEI. The spiked electrodes of the present invention is compared with a standard 
electrode, applied without gel (i.e. dry) and without skin preparation. Fig. 8 clearly 
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demonstrates the reduction of the ESEI by the action of the spikes by a lactor 01 at least 15 
when comparing a spiked electrode with a standard one applied without gel and skin 
preparation. The decreasing of impedance by the action of the spikes (both real and 
imaginary part) demonstrates clearly the advantages of spiked electrodes. 
5 Fig. 9 is a Nyquist plot of the ESEI of a standard electrode using gel 

(standard wet) and of a spiked electrode of the present invention without gel (spiked dry). 
The numbers beside the curves indicate the measurement frequency. The spike electrode 
of the present invention clearly shows lower impedance than standard ones. In Fig. 9, the 
ESEI of dry spiked electrodes is reduced by a factor of at least 1.3 compared to standard 

1 0 electrodes using gel. 

Fig. 10 represents recorded raw EEG data obtained with the spiked electrode 

of the present invention and with a wet standard electrode. Both recordings are very 
similar and show that the spiked electrode is suitable for EEG measurements. An EEG 
recording with eye movements was used to better show the similarity of both signals. The 
obtained electrical signals are stable with low noise levels even at low frequencies. The 
size of the spiked electrode chip can be reduced from 4x4mm2 to 2x2mm2 while 
maintaining very satisfactory results for these EEG measurements. 

During use, the electrode of the present invention firmly attached to the skin 
and allowed the spikes to penetrate the skin. The spikes withstood even severe handling so 
20 that clinical as well as experimental use of the spiked electrode is possible. The 
application procedure for a micromachined electrode of the present invention is easy and 
fast while no pain was induced and stabilization times were shorter compared to standard 
electrodes. 

Low ESEI, short stabilization times, and uncomplicated use without skin 
25 preparation are important characteristics of the spiked biopotential electrode and were 
confirmed during the experiments. 

The experiment also confirmed that EEG recording is possible even with 
very small electrode sizes (2x2mm2). The fact that low signals of EEG can be sensed 
indicates, that the spiked electrode can be used for other biomedical applications since, in 
general, they have stronger signals. No standard biopotential electrodes reliably 
measuring biopotentials on the surface of the skin and showing dimensions as small as 
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2x2mm 2 have been found by the inventors. ESEI measurements for 2x2mm2 electrodes 
are not meaningful since current densities are higher than for actual biopotential recording. 

It is recognized that other equivalents, alternatives, and modifications aside 
from those expressly stated, are possible and within the scope of the appended claims. 
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CLAIMS 

1 A medical electrode for application to the skin of a living subject for 
sensing biopotentials created within the body of the subject or for electrostimulating the 
skin and deeper lying tissue layers, the skin of the subject having an exterior stratum 
comeum layer and a subsurface stratum germinativum layer, comprising: 

a generally planar carrier base member; and 

a plurality of electrical signal carrying spikes integrally formed with said 
base member and arranged in an array thereon, said spikes being electrically and 
mechanically connected to each other by said base member and comprised of the same 
material as said base member, said spikes being electrically conductive on their surfaces, 
said spikes being formed to penetrate the skin of the subject and having a length sufficient 
to extend into the stratum germinativum of the subject. 

2. The medical electrode of claim 1 wherein the length of the spikes 
range from about 150 urn to about 500 fim. 

3. The medical electrode of claim 1 wherein the length of the spikes 
range from about 150 urn to about 350 urn. 

4. The medical electrode of claim 1 wherein said base member is 
formed from a wafer element wherein said spikes are fabricated from said wafer-like 
element by a deep reactive ion etching (DRIE) process on said element. 

5 The medical electrode of claim 4 wherein the spikes are fabricated by 
a triple DRIE F ocess comprising a consecutive sequence of an isotropic, an anisotropic, 
and another isotropic etch. 

6. The medical electrode of claim 5 wherein the spikes are sharp and 
needle-like in form and are fabricated using an oxidation forming and -removal process. 

7. The medical electrode of claim 1 wherein the said spikes have barb 
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shaped tips. 

8. The medical electrode of claim 7 wherein the said barbs on said 
spikes are formed to improve the attachment of the medical electrode to the skin of the 
subject. 

9. The medical electrode of claim 1 wherein said base member is 
formed from a wafer-like element and wherein said spikes are fabricated from said wafer- 
like element by a combination of deep reactive ion etching processes and silicon oxidation 
processes on said element. 

10. The medical electrode of claim 9 wherein said spikes are fabricated 
by a combination of processes comprising a consecutive sequence of an isotropic and an 
anisotropic DRIE process, followed by an oxidation process, followed by an anisotropic 
and an isotropic DRIE process, followed by an oxide removal and a final isotropic DRIE 
process. 

11. The medical electrode of claim 9 wherein the spikes are sharp and 
needle-like in form and are fabricated using an oxidation forming and -removal process. 

12. The medical electrode of claim 1 wherein the spikes are fabricated 
using a replication technique. 

13. The medical electrode of claim 12 wherein the spikes are fabricated 
into a plastic material by an injection molding or hot embossing process. 

14. The medical electrode of claim 13 wherein the master for the 
molding or hot embossing process is produced by using a triple deep reactive ion etching 
(DRIE) process comprising a consecutive sequence of an isotropic, an anistropic, and 
another isotropic etch or combination of DRIE processes and oxidation processes. 
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1 5. The medical electrode of claim 1 wherein the electrically conductive 
surface of said spikes is obtained by uniform deposition-coating of the said spikes with a 
biocompatible metal. 

16. The medical electrode of claim 15 wherein the uniform deposition- 
coating of said spikes is obtained tiling the carrier base member so that an angle of a 
longitudinal axis of the spikes in respect to a flow of evaporated particles of the material 
constituting the said conductive biocompatible metal layer is not zero degrees and rotating 
the said carrier base member so as the spikes are entirely coated. 

17. The medical electrode of claim 1 wherein an electrical contact 
between the electrically conductive surface of the spikes and a back surface of the base 
member opposite to the surface in which the spikes are formed in is established by means 
of at least one metal coated through-hole going through said base member. 

18. The medical electrode of claim 1 wherein an electrical contact 
between the electrically conductive surface of the spikes and a back surface of the base 
member opposite to the surface in which the spikes are formed in is established by means 
of metal coated edges of the base member. 

19. The medical electrode of claim 1 wherein said base member has a 
hole going through the base member and wherein said electrode includes a fluid container 
on said base member surface opposite that in which said spikes are formed for providing 
fluid through said hole to the skin of said subject. 

20. The medical electrode of claim 17 further including a fluid container 
on the carrier base member surface opposite the surface in which said spikes are formed 
for providing fluid through said through-hole to the skin of the subject. 

21. The medical electrode of claim 19 wherein said spikes have grooves 
along their length to improve the penetration of the liquid into the stratum gerrainativum 
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22. The medical electrode of claim 20 wherein said spikes have grooves 
along their length to improve the penetration of the liquid into the stratum geiminativum 
during the use of the electrode. 

23. A medical electrode of claim 1 wherein said spikes are hollow and 
said base member has holes, and said electrode includes a fluid container on the carrier 
base member surface opposite that in which said spikes are formed for providing fluid 
through said holes to said spikes. 

24. A method of using a medical electrode to inject a liquid drug through 
the stratum comeum of the subject's skin and to electrically stimulate the skin and deeper 
tissue layers of the subject, the electrode having spikes insertable into the skin of the 
subject and having a liquid container, said method comprising the steps of: 

applying the medical electrode on the subject's skin so the spikes penetrate 

the stratum comeum; 

passing the liquid drug from the said liquid retainer onto the skin of the 
subject for injection through the stratum corneum in the penetrations created by the spikes; 
and 

stimulating the skin and deeper tissue layers with electrical impulses applied 

by the spikes. 

25. The method of claim 24 wherein the liquid drug is injected using 
capillary forces. 

26. The method of claim 24 wherein the liquid drug is injected by 
mechanically applied pressure. 
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